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yocardial perfusion imaging study
a b s t r a c t
Background: Although a treadmill exercise stress testing (EST) is often the ﬁrst-line screening procedure
for subjects with an intermediate probability of coronary artery disease (CAD), one limitation of this test
is the high rate of inconclusive tests that result from borderline exercise-induced ST changes. The carotid
intima media thickness (CIMT) correlates well with atherosclerosis. The purpose of this study was to
evaluate the clinical usefulness of performing CIMT measurements in patients with an inconclusive EST.
Methods: Symptomatic patients without history of vascular disease and with inconclusive EST result
were included. Inconclusive results were deﬁned as the presence of horizontal or downsloping ST-
segment depression between 0.5 and 0.9mm or 1.0 and 1.4mm upsloping ST-segment depression. After
inconclusive EST regarding electrocardiographic changes, the measurements of the CIMT and myocardial
perfusion imaging study (MPS) were performed in all patients. The CIMT was measured at the posterior
wall of the commoncarotid artery. Thediagnosis of CADwasbasedon thepresenceof reversible perfusion
defects on exercise MPS.
Results: A total of 87 patients (57 men) with a mean age of 58.9±7.2 years were enrolled. The MPS was
positive in 18 patients. The CIMT in patients with positive MPS was signiﬁcantly greater than in patients
with negative MPS. The CIMT was 0.82±0.33mm in patients with positive MPS and 0.63±0.21mm in
patients with negative MPS (p=0.004). Receiver operating characteristic curve analyses revealed that
the greatest speciﬁcity was obtained when the cut-off value of CIMT was set at 0.66mm (sensitivity 39%;
speciﬁcity 72.5%; positive predictive value 27%; negative predictive value 82%).
Conclusion: In patients with inconclusive electrocardiographic changes during EST, CIMT was a useful
altern
th an
3 Japmeasurement to prevent
for screening patients wi
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Exercise treadmill stress testing (EST) is a useful diagnostic tool
or primary assessment of symptomatic patients with an inter-
ediate probability of coronary artery disease (CAD) based on
linical ﬁndings [1]. However, one limitation is the high rate of
ondiagnostic tests. EST results have been classiﬁed as negative
no evidence of reversible ischemia), positive (moderately or
everely abnormal), or equivocal (reported as nondiagnostic, sub-
ptimal, equivocal, possibly artifactual orminimally abnormal) [2].
hile the most determined reason for the high rate of nondiagnos-
ic tests that result from patients’ failure to reach the target heart
ate, another reason results from inconclusive electrocardiographic
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ttp://dx.doi.org/10.1016/j.jjcc.2013.10.017ativemore expensive and invasive tests. Additionally,meanCIMT is useful
inconclusive EST result to exclude CAD.
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abnormalities. In case of nondiagnostic EST, patients are referred
for more expensive and invasive stress tests and consequently, it
causes prolonged hospital evaluation [3].
Carotid intima media thickness (CIMT) measurement has been
used as a surrogate index of atherosclerosis. Several studies have
found an association between increased CIMT and the incidence
of cardiovascular disease in the general population [4–7]. Exercise
testing and arterial ultrasonography are able to improve signiﬁ-
cantly the accuracy of the risk stratiﬁcation over conventional risk
factors [8].
The purpose of this study was to evaluate the clinical usefulness
of performingCIMTmeasurements in patientswith an inconclusive
stress test.
MethodsPatient population
The study population consisted of patients referred to an outpa-
tient clinic with stable chest pain and suspected CAD. The sample
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omprised 87 (57 male, mean age 58.9±7.2 years) consecutive
ymptomatic patientswith no previous history of overt atheroscle-
otic disease (cerebral, peripheral, or CAD, which was deﬁned as
ny degree of CAD on previous angiogram or history of myocar-
ial infarction or angina) who underwent exercise test with an
inconclusive’ result. Age ranged from 36 to 74 years.
A complete historywas taken and a physical examination [mea-
urement ofweight, height, bodymass index (BMI) and systolic and
iastolic bloodpressure in the supinepositionafter10min rest] and
2-lead electrocardiography (ECG) at rest were performed. Blood
amples were taken for fasting blood glucose and cholesterol level.
After the medical examination, patients with an intermediate
retest probability of CAD on the basis of gender, age, and symp-
oms (nonangina, atypical angina, or typical angina) were prepared
or treadmill exercise stress testing (EST) for evaluation of symp-
oms of possible coronary artery disease [9].
Patients with a history of stroke, unstable angina pectoris,
yocardial infarction, peripheral artery disease, valvular disease,
rrhythmia, abnormal ECGs that would preclude adequate inter-
retation of changes or taking digoxin were excluded. Patients
ere excluded if they were pregnant or lactating women. Since the
xtentofCADmaybeunderestimatedwhencalciumchannel block-
rs and  blockers are given, these medications were discontinued
or 48h.
Informed consent was obtained from each patient. The study
rotocol was approved by the ethical committee of the hospital.
readmill exercise stress testing
EST was performed using a modiﬁed Bruce protocol exercise
readmill test. The protocol for EST has been previously reported
9,10]. Brieﬂy, modiﬁed Bruce protocol was employed. Since our
nstitution uses a heart rate of at least 85% of the adjusted
ge-predicted maximal heart rate (220beats/min-age) to indicate
dequate stress, thepatientswereencouraged tocontinueuntil 85%
f maximal heart rate was achieved. All participants reached this
5% target. During exercise, a 12-lead ECG and blood pressurewere
ecorded at the end of each 3-min stage and at peak exercise. Pos-
exercise ECGs were obtained after 5min. Based on clinical or ECG
esponse, the test was considered as normal (negative), ischemic
positive), and inconclusive.
The EST was considered ischemic if there was horizontal or
ownsloping ST-segment depression of at least 1.0mm or 1.5mm
psloping ST-segment depression, 80ms after the J point in
1 lead was observed. However, in the presence of horizontal or
ownsloping ST-segment depression from 0.5 to 0.9mm or 1.0 to
.4mm upsloping ST-segment depression, the test was considered
s ‘inconclusive.’ Patients with ‘inconclusive’ ECG ﬁndings were
ssessed.
Besides the ECG ﬁndings, blood pressure response to exercise is
n important ﬁnding. Hypertensive blood pressure response was
eﬁned as systolic blood pressure of >220mmHg and/or a diastolic
lood pressure of >95mmHg.
yocardial perfusion imaging study
Eighty-seven subjects with an ‘inconclusive’ treadmill EST were
eferred for exercise myocardial perfusion single-photon emis-
ion tomography (SPECT) imaging. Studies were performed using
he treadmill (Series 2000 Treadmill; GE Marquette Medical Sys-
ems, Milwaukee, WI, USA) according to a Bruce protocol. The
sotope used was 99 mTc (technetium)-sestamibi. At 1min before
eak exercise, the stress dose of sestamibi was injected intra-
enously. The patient exercised for at least 1min longer after the
njection. Stress and rest studies were performed using a 1-day
rotocol “one-day rest/stress Tc-99m protocols” for exercise stressrdiology 64 (2014) 70–74 71
according to the consensus report [11]. Resting and peak exercise
99mTc sestamibi injection with perfusion imaging was performed
using a gamma camera (Inﬁa; H300WE, VC [GE Medical System,
Tirat Hacarmel, Israel]). A positive test was deﬁned as the presence
of one or more reversible perfusion defects during stress.
Measurement of carotid intima-media thickness
All carotidultrasonographic examinationswereperformedwith
the same device (Logic S8; GE Medical Systems) equipped with an
8-MHz linear probe. Patients were examined in the supine position
with the head 45◦ away from the side being scanned.
Digital images were stored directly from the ultrasound system.
Far-wall CIMTs were measured in the distal of each carotid artery
in the proximal 1 cm of carotid bulb in areas free of plaque using
B-mode imaging [12]. Measurements were repeated three times
and results were averaged. Mean CIMT values from the far walls of
the right and left common carotid arteries were reported. Plaque
was deﬁned as focal wall being 50% thicker than the surrounding
wall. Presence of any calciﬁcation, plaque, and echocardiographi-
cally lucent components was noted.
Statistical analysis
Categorical and numeric variables are expressed in percentage
and mean± standard deviations respectively. Numerical variables
were tested with Mann–Whitney U-test, and categorical variables
were tested using Fisher’s exact test or Chi-square test whichever
was suitable. Spearman’s test was used for correlation analysis.
Sensitivity and speciﬁcity values for positive MPS were calculated
from receiver operating characteristic curve (ROC). A p-value of
<0.05 was regarded signiﬁcant for all analyses. All the statistical
tests were done using SPSS 11.5 (SPSS Inc., Chicago, IL, USA).
Reproducibility
Intra- and interobserver reproducibilities were assessed for
CIMT values. For intraobserver variability, the same operator
performed a second measurement more than a month after
the initial analysis. The Bland–Altman analysis for interobserver
reproducibility [mean difference−95% conﬁdence interval (CI)]
and intraobserver reproducibility [intraclass correlation coefﬁcient
(ICC), 95% CI] were calculated. The interobserver and intraobserver
reproducibility showed a perfect agreement for the CIMT– interob-
server and intraobserver agreement were assessed as 0.04 (−0.09
to 0.11) and [(0.92), (0.89–0.94)], respectively.
Results
A total of 87 patients (males, 65.5%) with a mean age of 58.9
(±7.2) years who had an intermediate pretest probability (10–90%)
of CAD based on age, gender, and nature of symptoms were
included. Among them, 59 patients had hypertension, 25 dysli-
pidemia, 55 were smokers, and 21 had diabetes mellitus. Baseline
characteristics of the study population are shown in Table 1.
After inconclusive EST regarding ECG changes, the measure-
ments of CIMTandmyocardial perfusion imaging study (MPS)were
performed in all patients.
All ultrasound examinations (100%) provided images good
enough to allow the measurement of the CIMT. We did not
observe any calciﬁcation or plaque. Mean CIMT was found to be
0.67±0.25mm.Coronary artery disease was diagnosed based on the MPS. The
MPS was positive in 18 (21%) of the 87 patients. Patients with
pathologic results of theperfusion studyhadaborderlinedifference
in levels of low-density lipoprotein cholesterol and age (for both,
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Table 1
Baseline characteristics of patients.
n=87 Number (%) Mean SD




Body mass index (kg/m2) 26.5 1.8
Hypertension 59 (67.8)
Dyslipidemia 25 (28.7)








 blockers 17 (19.5)
Angiotensin inhibitors 46 (52.9)
Calcium channel blockers 28 (32.2)
Heart rate 69.5 8.9
Systolic BP 145.5 20
Diastolic BP 76.8 12.4





















Fig. 1. Distribution of the intima-media thickness in myocardial perfusion imaging
study positive and negative patients. MPS, myocardial perfusion imaging study;
CIMT, carotid intima media thickness.
Table 3
The correlation analysis of carotid intima-media thickness and risk factors.
CIMT
r p
Total cholesterol 0.415 <0.001
Systolic BP 0.406 <0.001
In the setting of an inconclusive EST result, presence ofalues are means± SD or numbers of patients (percentages).
P, blood pressure; CIMT, carotid intimal-media thickness; SD, standard deviation.
= 0.05) (Table 2). The MPS-positive patients had a higher blood
ressure response (p=0.001). The CIMT in patients with positive
PS was signiﬁcantly greater than in patients with negative MPS.
he CIMT was 0.82±0.33mm in patients with positive MPS and
.63±0.21mm in patients with negative MPS (p=0.004) (Fig. 1).
By Spearman correlation analysis, there was a signiﬁcant mod-
rate correlation between CIMT and level of total cholesterol,
ystolic blood pressure, and advanced age (for all, p<0.001)
Table 3).
In order to determine cut-off value of CIMT for the prediction
bility of positiveMPS, ROC curveswereplotted formeanCIMT. The
nalysis showedthat thegreatest speciﬁcitywasobtainedwhen the
ut-off valueofCIMTwas set at0.66mm(sensitivity39%; speciﬁcity
able 2







Age (years) 61.8±7.3 58.2±7 0.05
Men 9 (50) 48 (69) 0.12
Height 168.7±10.6 166±8.9 0.27
Weight 75.7±10.5 73.2±10 0.35
Body mass index (kg/m2) 26.5±0.82 26.4±1.95 0.92
Hypertension 15 (83.3) 44 (63.7) 0.11
Systolic BP 151.4±18.2 144±20.1 0.16
Diastolic BP 76.6±11.6 76.9±12.7 0.92
Heart rate 71.1±9.4 69.1±8.8 0.39
Diabetes mellitus 5 (28) 16 (25) 0.69
Total cholesterol (mg/dl) 241±7 9 218±60 0.19
LDL-cholesterol (mg/dl) 148.2±35.3 129±36.8 0.05




4 (22.2) 28 (41) 0.15




Hypertensive BP response 12 (67) 15 (22) 0.001
Mean CIMT (mm) 0.82±0.33 0.63±0.21 0.004
alues are number (%). BP, blood pressure; CIMT, carotid intimal-media thickness;
DL, low-density lipoprotein; HDL, high-density lipoprotein.
ype of ST-segment changes I/II/III represent upslope, horizontal, downslope,
espectively.Age 0.430 <0.001
BP, blood pressure; CIMT, carotid intimal-media thickness.
72.5%; positivepredictive value27%;negativepredictive value82%)
(Fig. 2).CIMT<0.66mm predicted the absence of perfusion defects (con-
sequently CAD) diagnosed by MPS (negative predictive value 82%).
Fig. 2. Receiver operating characteristic (ROC) curve analysis to identify positive
myocardial perfusion imaging study. The cut-off valueofmeancarotid intima-media
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NospeciﬁcECGchanges in theESTwere found topredict theout-
ome of the MPS. However, hypertensive blood pressure response
as more prevalent in subjects with a pathologic perfusion study.
iscussion
In this study, we prospectively examined the predictive value
f CIMT for the presence of perfusion defects diagnosed by MPS in
ymptomatic patients after inconclusive EST.
The CIMT in the present study was greater in the group of
atients with positive MPS. We found CIMT measurement as
.82±0.33mm in MPS positive patients. This ﬁnding was similar
o the literature. Adams et al. [13] reported CIMT measurement as
.83±0.20mm in patients with CAD. Additionally, we found the
ean of the CIMT measurement in the MPS negative patient group
as 0.63±0.21mm.
The results of the present study are in line with a previous
tudy [14],which showed that CIMTwas increased in older subjects
ith asymptomatic myocardial ischemia as evidenced by exercise
CG alone or in combination with thallium scan. Another study
onducted by O’Leary et al. [15] stated that there was a positive
ssociation between CIMT measured from common carotid artery
nd the presence of CAD in elderly patients. However, Heuten et al.
16] could not ﬁnd a correlation between CIMT and the presence
f reversible perfusion defects on exercise MPS. Interestingly, they
eported that either CIMTmeasurement or classic risk factors could
ot improve the diagnostic value of stress ECG.
Additionally, we investigated the cut-off level of mean CIMT for
dentifying the presence of perfusion defect. In the setting of an
nconclusive EST result, when the cut-off value of mean CIMT set
t 0.66mm, for patients whose mean CIMT was below this cut-off
evel, we might predict the absence of CAD (negative predictive
alue 82%). Recently, a published a report showed a cut-off level of
aximumCIMT for identifying severeCAD[17]. They found that the
reatest sensitivity and speciﬁcity were obtained when the cut-off
alue of maximum CIMT was set at 2.45mm. However, our pro-
osed cut-off value was smaller. Some particularities of the studies
hould be emphasized. First, the technique used to measure the
IMT is different. Irie et al. [17] measured the intima-media thick-
ess (IMT) of the common carotid artery, of the carotid bulb and of
he internal carotid artery and they calculated themeanof themea-
urements. Furthermore, they measured the greatest thickness of
MT (including plaque lesions) from the same points of artery and
he greatest value of them was deﬁned as maximum IMT. In our
tudy, we used the method according to the consensus report [12].
econdly,while their studygroup includedonly type2diabetic sub-
ects and those with positive results for noninvasive tests referred
o coronary computed tomography angiography or conventional
oronary angiography, our study comprised a heterogenous popu-
ation and used MPS for the diagnosis of CAD.
Previously, it has been shown that CIMT measurements can be
seful in risk stratiﬁcationof symptomaticpatientsundergoingEST.
anwar et al. [2] showed that carotid ultrasound can be applied to
tratify the patients with absence of plaque showing a negative
redictive value (100%). However, they studied a small number (10
atients) of patients with an equivocal/negative EST result and no
arotid plaque.
In this study, we preferred treadmill exercise to dipyridamole
tress, since the image quality with treadmill exercise was supe-
ior to dipyridamole stress images with higher ratios of myocardial
ptake [18]. Dipyridamole appears to be as accurate as exercise
PECT. Nevertheless, a meta-analysis of diagnostic test perfor-
ance has summarized evidence documenting that the sensitivity
f exercise electrocardiography is signiﬁcantly lower than that
f myocardial perfusion SPECT [19]. Myocardial perfusion SPECTrdiology 64 (2014) 70–74 73
imaging with Tc-99m-sestamibi had 90% sensitivity and 80% speci-
ﬁcity for the detection of angiographically signiﬁcant (more than
50% stenosis) CAD [20].
Patients with diabetes and high BMI may have an increased
probability for nondiagnostic EST [21]. In this study, while 21
patients had diabetes mellitus, overall subjects had high BMI
value (26.5±1.8 kg/m2). Additionally, high low-density lipopro-
tein cholesterol levels and advanced age were more prevalent in
patients with positive MPS.
In the present study, we found that patients with positive
MPS had signiﬁcantly higher systolic blood pressure than those
with negative MPS. During EST, abnormal systolic blood pressure
response and poor exercise capacity were predictive of poor prog-
nosis [22,23]. Clinicians should take into account blood pressure
response to exercise as an additional risk stratiﬁcation.
Limitations
Several limitations of this study should be discussed. First, this
study consisted of a relatively small number of subjects. However,
the incidenceof inconclusive ESTbasedonECGﬁndings is relatively
low. Additionally, long-term follow-up results in a large number of
patientswhohave CIMT<0.66mmanddonot undergo further tests
may be required. Second, we used MPS for further noninvasive test
instead of multidetector computed tomography (MDCT). Although
MDCT has high diagnostic accuracy in multiple patient subgroups,
because of its known limitations (cost, iodine contrast use, not
applicable widely), MDCT cannot be performed in all patients. We
believe thatMDCT is an important tool in higher risk groups such as
patientswith knownCADandwhohaveundergoneprevious revas-
cularization interventions. However, while measures obtained by
carotid ultrasonography and coronary MDCT are correlated, they
each assess different aspects of atherosclerosis. MDCT can detect
signiﬁcant coronary stenosis in patients based on the direct assess-
ment of coronary anatomy,whereas,MPS permits evaluation of the
relationship of perfusion to regional function. Additionally, besides
indication for the assessment of the presence, location, extent, and
severity of myocardial ischemia, MPS is used to determine the sig-
niﬁcance of anatomic lesions detected by angiography. Third, the
diagnosis of CAD was based on the presence of reversible per-
fusion defects on exercise MPS. MPS is most useful in patients
with an intermediate likelihoodof angiographically signiﬁcant CAD
(deﬁned as ≥50% reduction of the coronary lumen diameter) based
on age, sex, symptoms, risk factors, and the results of stress testing
[20]. Finally, the values for speciﬁcity 72.5% and negative predictive
value 82%maynot be high as a clinical diagnostic tool in the general
population. Therefore, the clinical utility of CIMT as a screening tool
should be veriﬁed in studieswith larger sample size. Especially, the
cut-off level of CIMT should be conﬁrmed by further studies.
In conclusion, in patients with an intermediate probability of
CAD and inconclusive ECG changes during EST, CIMT was a use-
ful tool to prevent alternative more expensive and invasive tests.
Additionally, mean CIMT is useful for screening patients with an
inconclusive EST result to exclude CAD.
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